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The current status of our Chandra and XMM-Newton project on high-redshift
(z >∼ 4) quasars is briefly reviewed. We report the main results obtained in the
last few years for the X-ray detected quasars, along with a few (≈ 10%) intriguing
cases where no detection has been obtained with Chandra snapshot observations.
1. Introduction
Quasars at z >∼ 4 provide direct information on the first massive struc-
tures to form in the Universe. The last few years have evidenced incredi-
ble progress in the study of the high-redshift Universe, largely thanks to
ground-based optical surveys. In particular, the Sloan Digital Sky Survey
(SDSS1) has discovered large numbers of high-redshift quasars, increasing
the number of known quasars at z >∼ 4 to > 500,
2 and many more are
expected to be discovered before the survey ends (see [3] for the recent
advances provided by the SDSS). Many of the high-redshift quasars discov-
ered by recent optical surveys are suitable for follow-up X-ray investigations.
Here we review X-ray studies of the highest redshift quasars, focusing on re-
cent advances enabled largely by the imaging and spectroscopic capabilities
of Chandra and XMM-Newton.
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Figure 1. Observed-frame, Galactic absorption-corrected 0.5–2 keV flux versus
AB1450(1+z) magnitude for z
>
∼ 4 AGN found in optical (triangles) and X-ray (squares)
surveys. The rapid increase in the number of X-ray detected AGN at z >∼ 4 is evident
when the two panels (i.e., the situation in year 2000 vs. the current one) are compared.
Most of the upper limits have been obtained from archival ROSAT observations.
2. X-ray detections at z >
∼
4
Our knowledge of the X-ray properties of z >∼ 4 quasars has advanced
rapidly over the last few years. Since the pioneering work based on the
systematic analysis of archival ROSAT data4, where the number of X-ray
detected quasars at z > 4 doubled, the progress made in this field has
been substantial (see Fig. 1). At present, more than 90 quasars at z >∼ 4
have X-ray detections;a while in most cases Chandra snapshot (typically
4–6 ks) observations have allowed derivation of basic X-ray information
(X-ray fluxes and luminosities),5,6,7,8,9,10,11,12,13 for a few X-ray luminous
objects medium-quality X-ray spectra have also been obtained14,15 thanks
to the large collecting area of XMM-Newton. From a general perspective,
the most important results from X-ray analyses of high-redshift quasars are
the following:
⋄ The X-ray properties of z >∼ 4 quasars are similar to those of local quasars.
Joint X-ray spectral fitting of optically luminous quasars at z >∼ 4 se-
lected from the Palomar Digital Sky Survey (DPOSS16) and the SDSS has
shown10,11 that quasar X-ray continuum shapes do not show evidence for
aSee http://www.astro.psu.edu/users/niel/papers/highz-xray-detected.dat for a regu-
larly updated listing of X-ray detections and sensitive upper limits at z >∼ 4.
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significant spectral evolution over cosmic time. This has found further sup-
port recently via joint spectral fitting of a sample of 46 radio-quiet quasars
(RQQs) with Chandra detections in the redshift range 4.0–6.3 (≈ 750 source
counts; Γ = 1.9± 0.1)17 and by direct X-ray spectral analyses of a few ob-
jects observed by XMM-Newton.14,15 No evidence for widespread X-ray
absorption has been found, although some quasars (see discussion below)
are likely to be obscured.
⋄ The optical-to-X-ray properties of high-redshift quasars and those of local
quasars have been found similar, once luminosity effects and selection biases
are taken into account properly.18 Overall, the emerging picture is that the
small-scale X-ray emission regions of quasars appear relatively insensitive
to large-scale environmental differences at z ≈ 6.
⋄ Moderately deep Chandra observations and the ultra-deep (2 Ms) survey
in the Chandra Deep Field-North (CDF-N)19 have allowed X-ray studies
of moderate-luminosity AGN at z > 4; this population of AGN is more
numerous and thus more representative than the rare, highly luminous
quasars.20
⋄ Similarly to the results obtained for the RQQs, neither the X-ray spec-
tral slope (Γ = 1.65 ± 0.15) nor the jet emission of the radio-loud quasar
population seems to evolve with cosmic time.21 No evidence for significant
X-ray brightening ascribed to inverse Compton scattering of energetic elec-
trons with Cosmic Microwave Background photons has been revealed by
snapshot observations with Chandra.21
3. X-ray non-detections: space oddities at high redshift?
At present, the fraction of X-ray upper limits among the sensitive Chandra
and XMM-Newton observations of high-redshift quasars is low (≈ 10%).
About half of the X-ray undetected quasars are broad absorption-line
quasars (BALQSOs), which are known to be absorbed in the X-ray band;22
one quasar shows narrow absorption features from Nv and Lyα at ap-
proximately the source redshift.11 For most of these objects the lack of
X-ray detections at the flux limits reached by Chandra with snapshot ob-
servations is likely due to absorption by column densities larger6,11 than
≈ 1023 cm−2 (assuming reasonable values for the optical-to-X-ray spectral
energy distribution and X-ray photon index). It is possible that the remain-
ing X-ray undetected high-redshift quasars are characterized by absorption
features not recognized in low-resolution optical spectra. Recently, it has
been shown that near-infrared spectroscopy can be highly effective23 in de-
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tecting absorption features in high-redshift objects previously classified as
“normal” quasars. Clearly, minority AGN populations at z > 4 need to be
investigated better in the X-ray regime. These include BALQSOs (whose
number is still too limited to derive statistically reliable average properties)
and the population of quasars lacking emission lines.24,6 Follow-up observa-
tions of quasars without optical emission lines with Chandra are on-going
and the results will be presented in a forthcoming paper.25
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